The lidA Cohort Study (German Cohort Study on Work, Age, Health and Work Participation) was set up to investigate and follow the effects of work and work context on the physical and psychological health of the ageing workforce in Germany and subsequently on work participation. Cohort participants are initially employed people subject to social security contributions and born in either 1959 (n ¼ 2909) or 1965 (n ¼ 3676). They were personally interviewed in their homes in 2011 and will be visited every 3 years. Data collection comprises socio-demographic data, work and private exposures, work ability, work and work participation attitudes, health, health-related behaviour, personality and attitudinal indicators. Employment biographies are assessed using register data. Subjective health reports and physical strength measures are complemented by health insurance claims data, where permission was given. A conceptual framework has been developed for the lidA Cohort Study within which three confirmatory sub-models assess the interdependencies of work and health considering age, gender and socioeconomic status. The first set of the data will be available to the scientific community by 2015.
Why was the cohort set up?
Current changes in working life reflect the effects of globalized economies and of rapid advancements in information and communication technologies, developments that contribute to increasing work intensity, greater flexibility in working time and work arrangements, more interpersonal work and increasing rates of change. 1, 2 Simultaneously, future working life will be characterized by an ageing work force because demographic changes will increasingly prohibit the early exit of labour. For two reasons, Germany is particularly affected: first, until 2050 Germany will continue to exhibit the highest old-age dependency ratio in the European Union (EU). 3 The old-age dependency ratio is the projected number of people aged 65þ years, expressed as percentage of the projected number of people aged between 15 and 64 years. Second, the number of people available to the labour market ('labour force potential') in Germany has now reached its maximum of 45 million people and is estimated to-from now onwards-decrease linearly to 41.3 million in 2025 and 32.7 million in 2050 (estimates by Fuchs 2013 4 taking into account a net in-migration of 100 000 people per annum). Accompanying this downward trend, estimates show that the German economy will continue to need the current number of about 40 million people for many years to come. 4 The impact of the anticipated work and labour force changes on the health of the future older workforce remains unknown. Yet, the health of the older working population is regarded as vital for the future socioeconomic development of ageing European countries. 5 Older workers are different from younger workers as a group. They may be assumed to be more physically vulnerable; the natural direction of health in response to ageing and the consequences of long-term exposure to working conditions may increasingly become visible and influence work and labour market participation. 6 In most scientific publications on work and health, neither age-specific work exposure nor age-specific vulnerability has been considered, and 'age' has merely been regarded as a confounder to be adjusted for (see the discussion in de Lange et al.
7
). Few socio-epidemiological investigations have considered the notion that the association between 'work' and 'health' may different between younger workers and older workers; 6 the same holds true for labour market studies (cf. de Lange et al. 7 and Zoer et al., 8 as examples of empirical studies on the age-specific effect of social support).
As the workforce ages, the health of older workers will attract increasing societal attention. The concept of 'work ability' will become increasingly relevant; for example, being able to cope with functional limitations and disability at work. 9 Finally, the individual's 'willingness to work' will be a key concept to be considered for ensuring the work participation and productivity of older workers. 10 The employment dynamic of an ageing population will be a key issue in future political debates. Policy makers, the economy and the public need a reliable knowledge base concerning working conditions, the framework within which work is performed and the effects on both physical and psychological health of the ageing workforce, on work ability, willingness to work and, finally, on work participation. Scientific investigation of this subject has high methodological demands. To detect and interpret developments, the effects of age, cohort (year of birth) and time of measurement (period) need to be distinguishable. For this reason, we set up the prospective lidA Cohort Study (German Cohort Study on Work, Age, Health and Work Participation, www. lida-studie.de), with the overall aim of assessing the interdependencies of work, health and work participation in the ageing working population, while work and society are experiencing profound changes. Using Schaie's 'Most Efficient Design', 11 (see below) we are able to distinguish between age, cohort and time (period) effects.
Key Messages
• The lidA Cohort Study is the first representative prospective study in Germany focusing on the investigation of the influence of work and work environment on health and labour market participation of older employees.
• The application of Schaie's 'Most Efficient Design' allows for a tri-factor model that isolates the impact of age, cohort and time when investigating the influence of work on health and work participation.
• The data linkage of (i) individual survey data, (ii) employment register data and (iii) health insurance claims data at the national level represents a new methodological approach in Germany.
• Findings suggest cohort differences in the work-health association between two middle-aged groups 6 years of age apart: the association between (low) education and the (higher) risk for depression observed in the younger cohort was absent in the older cohort. Whether this difference in association may be explained by an ageing effect, by a selection process or by intrinsic differences between the two cohorts can be clarified when longitudinal data are available.
lidA was established in 2009 by researchers at the German Universities of Wuppertal, Magdeburg and Ulm, the Institute for Employment Research (IAB, Nuremberg) and the Institute for Applied Social Sciences (infas, Bonn). The study group reflects an interdisciplinary research collaboration between the fields of occupational health, sociology, psychology, economics and epidemiology. The study consortium was joined by the German Federal Institute for Occupational Safety and Health (BAuA), as an associated partner in 2011.
The survey comprises a computer-assisted personal interview (CAPI) covering work, work history, individual factors and health, assessed by both self-report and by collecting objective health data. The survey data are linked with register data from the Federal Employment Agency (i.e. employment history records) and individuals' health insurance claims data (both if written consent was obtained).
The underlying theoretical framework of the lidA Cohort Study is to understand employment participation of older workers as the result of complex associations between work, socioeconomic status and lifestyle, and the interactions of these factors with health. According to the framework developed, two mediating factors that determine work participation are 'motivation to work' and 'work ability'. 10 Three initial confirmatory sub-models were conceptualized. The first sub-model investigates whether labour market status is associated with depressive symptoms among middle-aged German employees and whether this association is explained by working conditions, family status or previous labour market experience. The effect of socioeconomic status on health among ageing workers and potential mediators and moderators of this association (e.g. work and non-work factors) will be estimated using the second sub-model. In a third sub-model, gender-specific aspects of ageing at work will be analysed. In all models, age-dependent differences in associations are treated as being of specific interest. Additional exploratory models and hypotheses will be conceptualized and investigated.
Who is in the cohort?
All participants are employees subject to social security contributions and born in either 1959 or 1965. The cohorts are currently on the threshold of older working age, constituting part of the German 'baby boom' generation, and thus represent substantial parts of the workforce in the coming decade; 12 these cohorts have substantially less access to early retirement schemes than older age groups and have been shown to differ with respect to labour market conditions when entering working life. 12 A 6-year age difference between cohorts was chosen as it has been found to result in cohort effects in terms of differential health status (both subjective health and number of conditions) in the longitudinal German Ageing Survey, starting with age groups 40-45 years of life. 13 Follow-up studies of the initial 2011 investigation will occur at 3-year intervals for at least three waves of assessment ( Figure 1 of cohort-sequential, cross-sequential and time-sequential analyses to distinguish the impact of the factors of age, cohort and time (period) in the ageing process with a tri-factor model. 11 When factors which could trigger the decision for retirement are investigated, lidA's design allows for conducting analyses not only between several age cohorts at the same time (e.g. age differences in health or work motivation) but also within a single cohort over time (e.g. changes in health or work motivation within an age cohort across time). Furthermore, 'generation' effects on health and work motivation can be explored by comparing different cohorts at the same age at different points of time ( Figure 1 ). The study sample was drawn from the 'Integrated Employment Biographies' (IEB) dataset, held at the IAB. 14 This dataset includes all employees in Germany subject to social security. This excludes civil servants and the selfemployed, whose employment is not subject to social security and who thus do not belong to the study population. According to the German Microcensus, 15 the IEB dataset covers more than 80% of the German working population.
The final dataset of wave 1 comprises personal interviews with 6585 respondents. The survey data of 74.7% of all respondents (all those who have provided respective written informed consent) was linked to the IEB data and to the Establishment History Panel (BHP) at IAB. This opens up the possibility of tracing the participant's entire employment biography and information about the respondent's employer from 1975 to the present and beyond. In addition, 55.2% of the participants provided informed consent to link individual health insurance data. It is, therefore, possible to supplement the health-related self-report survey data with objective observations on morbidity and its related endpoints. This individual data linkage of survey and health data represents a new and thus far unique methodical approach at the national level in Germany; 16, 17 the rarity of this approach is most likely due to the sophisticated legal, organizational and technical requirements. 18 
Sampling process
A two-stage random sample was drawn from the IEB registry. At the first stage, 222 municipalities were drawn with probabilities proportional to size (i.e. the number of persons who are employed in a job that is subject to social security notifications in the selected cohorts on the reference date for sampling, 31 December 2009). 19, 20 This selection was proportionately stratified by state and municipal size to reduce sampling variance. At the second stage, a simple random sample of all employees born in 1959 or 1965 and subject to social security contributions was drawn for each sample point. The result is a self-weighting sample which allows for depicting a proportional and representative image of the population (see Lohr   21 ). The IEB is an unusually rich sampling frame that enables comparison of sample information at every stage of the draw to the target population with respect to numerous structural characteristics.
Recruitment process/field phase
Infas conducted the main survey from March to October 2011. 22 The sample size was based on power calculations considering multilevel design, anticipated loss to follow-up and multiple testing. The younger cohort was oversampled to compensate for future loss-to follow-up. In the first wave of the study, 6585 interviews were conducted among: Cohort 1 (born in 1959), 2909 people (44%); and Cohort 2 (born in 1965), 3676 people (56%). The response rate was 27.3% and the cooperation rate was 32.6% (RR5/COOP3 according to the American Association for Public Opinion Research (AAPOR) standards 23 ); 55.6% of the sample refused to participate in the survey. For the remaining 17%, no interview could be conducted for various reasons (such as illness, scheduling problems or relocation). 22 This outcome is consistent with the observed decline in willingness to participate in surveys in Germany. 24, 25 However, the response rate is acceptable because the representativeness of the sample was found to be very high. A comparison between the population and the realized sample shows for both cohorts only minor deviations on observed variables (Table 1) . Also, multivariate selectivity analyses show that the net sample bias with respect to socioeconomic and socio-demographic variables available on the sampling frame is minimal (not shown). 22 While controlling for 16 known population parameters, the logistic regression model displays a Pseudo-R 2 of only .02. Only four dimensions showed some minor effects: slightly lower participation probabilities were found for (i) non-Germans, (ii) people born in 1965, (iii) people with low or intermediate school leaving certificate and without vocational training and (iv) people living in smaller cities or rural environments. 22 Also multivariate tests for selectivity of panel willingness and linkage consent show minor effects only: non-Germans and marginal workers were less willing to join the panel or to consent to data linkage (not shown).
At the time of interview, 246 out of the 6585 interviewees were no longer working. These cases do not belong to the baseline sample documentation presented here. Interviews, weighted for inverse selection probability; data from 85 participants not included in analysis because of missing variable information in the BeH study sample dataset.
How often will the participants be followed up?
A follow-up assessment of the survey will take place in 2014. A second funding period is expected to cover followup assessments in 2017 and 2020 and may include an additional 1971 cohort. Future IEB and individual health insurance data will be linked subsequently to the survey data. Due to strict German data protection rules, we will only be able to follow up the 85.2% of wave 1 respondents who have provided written consent to store their address. The lidA Cohort Study implements a dual strategy to counter any biasing effects of attrition. We aim to minimize attrition by paying a cash incentive of €10 per respondent per wave and by implementing a thorough panel maintenance including regular contact with respondents between waves (e.g. through study brochures) and by searching for addresses in miscellaneous directories. We will also adjust for bias using propensity-weighting models. 26 This will enable us not only to use information from the previous wave interview and fieldwork together with information from the subsequent wave fieldwork, but also to use the register data from the sampling frame that remain available for the entire wave 1 gross sample over the period of the study. Register data as well as non-response follow-ups with short questionnaires will be used to additionally enable detailed research on non-responses and to correct for attrition that is related to events between waves (e.g. to health deterioration 27 ).
What has been measured?
Box 1 specifies the measurements included in the first wave, which comprised demographic and socioeconomic data, work history, work and private exposures, work ability, work attitudes, work participation attitudes, subjective and objective health, health-related behaviour, personality and attitudinal indicators. The employment biographies are assessed using register data. An explicit basic assumption of this study is that the use of information from different data sources is a timely and quality-enhancing approach to assessing work, age, health and work participation. A second assumption is that the assessment of work exposures and attitudes towards work and work participation is crucial.
Although acknowledging the high validity of many subjective health indicators, the third explicit assumption is that health should not be measured by self-report alone, to avoid measurement bias. This has led to the inclusion of health insurance claims data (see above).
Finally, the lidA Cohort Study attempted to achieve good internal validity and international comparability by including as many internationally used, well-tested and valid instruments and indicators as possible.
What was found in the study? Key findings and publications
A sample overview exemplifying some of the exposure and outcome data between the cohorts is shown in Table 2 . Notable differences between the 1959 and 1965 cohorts are observed for socio-demographic variables (e.g., education and nationality) and in the expected direction for health outcomes such as physical health and hand-grip strength. Apart from the mean variable differences between the two cohorts, it is of specific interest whether associations between exposure and outcome differ between the cohorts. One analysis example will be used to elucidate this.
Within Germany, work stress is currently reported by employees at least as often as adverse physical work exposure. 35 Earlier investigations have shown associations between work stress and certain physical and mental health indicators, such as symptoms and risk factors for coronary heart disease 36,37 and depression. 38 In Germany, depression is a leading reason for disability-related early retirement. 39 Thus far, the association between work stress as measured using the effort-reward imbalance (ERI) model 28 and depression has been shown mainly for health professionals. [40] [41] [42] In contrast, lidA allows investigation of ERI and depression (Beck Depression Inventory-V, BDI-V) in a general working population and in relation to age. 43, 44 Our baseline data analyses confirm a strong association between ERI and depression and an even more pronounced association in the younger than in the older age group (Table 3 ). Our data suggest that variations in the association between work stress and depression can be observed between two middle-aged groups 6 years apart, regardless of the covariate adjustment and missing data treatment used. The cohort difference found in the association between (low) education and the (higher) risk for depression is striking: a higher risk for depression was observed for the younger cohort with low educational status [risk ratio (RR) ¼ 1.56, 95% confidence interval (CI) 1.12-2.18] but was absent for the older cohort (Table 3) . However, we cannot say whether the cohort differences are related to ageing effects, cohort effects or to selection processes such as the healthy worker effect. Disentangling this is important when determining preventive action. In the long term, the lidA cohort design will allow investigation of these effects and thereby contribute new knowledge that is relevant for work, health and work participation in ageing societies. • Demand, control, influence, possibilities for development (COPSOQ) 29 • Support, quality of leadership, social network (COPSOQ) 29 • Organisational change, job insecurity (COPSOQ) 29 • Age discrimination, harassment and working hours Physical work exposure
Computer-assisted personal interview (CAPI)
• Standing, sitting, kneeling, lying, overhead lifting, carrying
• Cold, heat, moisture, dampness, draughts, noise, stooping and squatting Individual work and non-work factors
• Work ability (Work Ability Index item 2, WAI)
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• (Over)commitment (Effort-Reward Imbalance questionnaire, ERI) 28 • Work motivation and meaning of work (Job Diagnostic Survey, JDS) 31 • Intent to leave (employer, profession or work)
• Relevance of status maintenance (loss-work trade-off)
What are the main strengths and weaknesses?
A major strength of the lidA Cohort Study is that it applies a challenging design to overcome the traditional measurement and conceptual limitations in work and health research. This study has the aim-in consistency with other longitudinal but not age cohort studies in this field, such as ELSA in the UK, 46 SLOSH in Sweden 47 and LASA 48 and STREAM 49 in The Netherlands-to contribute new research findings on work, age, health and work participation, and also to add methodological implications for this research field. Another strength of this study is the interdisciplinary research cooperation, which combines work epidemiology and labour market research with a broad conceptual approach. This study is characterized by high external validity for a large part of the German working population in the two age groups under study, achieved using a two-stage random sampling process. The availability of the basic sample allows the assessment of selectivity.
Yet another strength is the careful power analysis that considered variation between and within different regions according to associations between work stress and healthrelated outcomes. We most likely have sufficient power to detect associations in hierarchical and other complex models.
The high internal validity of the measures, the combination of different subjective and objective data sources (data linkage at individual level) and hypothesis-based confirmatory testing are further strengths of the present investigation.
Potential weaknesses of our study include the limited generalizability of the study data because it includes only two age cohorts and excludes the self-employed and civil servants. Our response rate was relatively low, as is typical for German surveys. Nevertheless, the comparison of our sample with the excellent register data available for selectivity analysis and non-response correction indicates almost no selection bias with respect to the 16 socio-demographic observables. In addition, no indication of selection by incomplete individual data linkage was observed. • Medical diagnoses (inpatient and outpatient, ICD coded)
• Sickness absence (spells and days/year)
• Outpatient drug prescription (ATC coded)
• Treatments/remedies received Another limitation is the fact that only 55.2% of the participants provided consent to their interview data being linked to their individual health insurance data. As previously mentioned, this combination of nationwide CAPI with individual health insurance data is a new approach in Germany and our activities may be regarded as feasibility tests for this approach. Initial analysis does not indicate any relevant differences between consenters and nonconsenters. Although the linkage rate may be too low to allow for representative data analysis-specific analyses of generalizability remain to be done-it may well be used for cross-validating self-reported health in the study. During the follow-up visits in 2014, those not consenting will again be asked for linkage permission to increase the permission rate.
Can I get hold of the data? Where can I find more information?
The survey data are expected to be available to the scientific community at the latest by 2015. For cooperation based on single research issues, the lidA Cohort Study can be contacted even before this (project coordinator: lidabuw@uni-wuppertal.de). Given that the use of health-related data is subject to German data protection legislation restrictions, the data presumably will only be available for analysis on site or via remote execution. 
